Metanephric adenoma is a rare benign renal tumor typically found in adults. Previous cytogenetic analyses, including karyotyping, fluorescence in situ hybridization (FISH), and comparative genomic hybridization, have yielded conflicting results regarding the somatic genetic aberrations of these tumors. In this study, we investigated the genomic profile of nine cases of metanephric adenoma using array comparative genomic hybridization. Two cases revealed multiple chromosomal gains and losses. Three cases showed sporadic chromosomal imbalances involving no more than three chromosomes. Four cases showed normal chromosome copy numbers. The gain of chromosome 19 was the most common finding (five cases), and FISH using 19p and 19q telomeric probes further confirmed this finding. We did not observe consistent gains of chromosomes 7 and 17, which are common in papillary renal cell carcinoma, neither did we find chromosomal alterations frequently present in Wilms' tumors, including chromosome gains of 1q, 7q, and 12, and losses of 11p and 16q. Our series demonstrates that the genetic profile of metanephric adenoma is fundamentally distinct from those of papillary renal cell carcinoma and Wilms' tumor. Keywords: array comparative genomic hybridization; fluorescence in situ hybridization; metanephric adenoma On the basis of the WHO classification of renal tumors, metanephric tumors comprise metanephric adenomas, metanephric adenofibromas, and metanephric stromal tumors, 1 with each of these having its own characteristic clinicopathological presentation. Metanephric adenoma is defined as a highly cellular epithelial tumor composed of small, uniform, and embryonic-appearing cells. The tumor occurs most commonly in patients in their 50s and 60s, with a female preponderance. Although the vast majority of metanephric adenomas behave in a benign fashion, cases of regional lymph node metastasis and sarcomatoid changes have been individually reported.
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The morphological and immunohistochemical characteristics of metanephric adenomas have been well described. [5] [6] [7] However, cytogenetic or molecular genetic data about this rare tumor are limited and have mostly been reported for single cases. Previous karyotyping of a total of five cases revealed negative findings, with the exception of a dual balanced translocation of t(1;22)(q22;13) and t(15;16)(q21;p13) in one case. 5, [8] [9] [10] [11] [12] One fluorescence in situ hybridization (FISH) study indicated gain of chromosomes 7 and 17 and loss of Y chromosome-the cytogenetic markers of papillary renal cell carcinoma-in 8 of 11 metanephric adenomas. 13 However, subsequent FISH analyses revealed normal copy numbers for chromosomes 7 and 17. 4,8,11,14,15 A deletion in chromosome 2p was the only genetic abnormality described in one tumor, and a tumor suppressor gene region on 2p13 was delineated. 16, 17 Most recently, a study employing array comparative genomic hybridization (aCGH) reported no copy number changes in six cases of metanephric adenoma. 18 In this study, we aimed to delineate the chromosomal profile of metanephric adenoma using aCGH. Possible alterations were further validated by FISH analysis using appropriate probes. The series recruited five cases from the pathology consult file of The Johns Hopkins Hospital and four patients from the surgical pathology file of Taipei Veterans General Hospital. The study was approved by the institutional review board of Taipei Veterans General Hospital (IRB 98-01-04A).
Materials and methods

Sample Collection
Initially we collected tumor samples from of a total of 12 patients. The samples were fixed in formalin and embedded in paraffin. Nine of these samples had DNA of sufficient quality and were used for subsequent analysis. The patients from whom these samples were obtained consisted of eight women and one man, with ages ranging from 40 to 61 (mean, 49) years. The tumors exhibited typical morphology (Figure 1 ). The paraffin blocks were punctured at the most suitable site for DNA extraction corresponding to the most cellular area of the tumor based on hematoxylin and eosin-stained slides.
An immunohistochemical assay including WT1 (1:50, Dako, Glostrup, Denmark), CD57 (1:50, Becton-Dickinson, San Jose, CA, USA), AE1/3 (1:30, Zymed, San Francisco, CA, USA), epithelial membrane antigen (1:40, Dako), keratin 7 (1:50, Dako), and a-methylacyl-CoA racemase (1:100, Zymed) was performed.
One sample from a solid variant of papillary renal cell carcinoma was used for comparison, as solid variant papillary renal cell carcinoma is a major differential diagnosis of metanephric adenoma.
DNA Extraction
Fomalin-fixed, paraffin-embedded tissues were deparaffinized using xylene and washed in ethanol. A 1 M solution of sodium thiocyanate was added to the dry pellet and incubated at 371C overnight to remove cross-links. After removal of the sodium thiocyanate, a QIAamp (Qiagen, Foster City, CA, USA) extraction procedure was performed according to the manufacturer's instruction. After adsorbed onto a QIAamp silica membrane, the DNA was washed and eluted. The quantity (OD 260 nm) and quality (OD 260 nm/OD 280 nm) of DNA in the obtained solution was measured using an ND-1000 spectrophotometer (Nanodrop Technology, Wilmington, DE, USA). The integrity of the DNA was determined using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). DNA samples with a length profile showing a sufficient amount of single-strand DNA of over 500 bp in length were used of aCGH analysis.
aCGH Analysis
Genomic DNA (2 mg) isolated from the tissue samples and DNA from healthy tissue (Promega Corporation, Madison, WI, USA) were labeled with Cy5 and Cy3, respectively, using an Oligo aCGH Labeling Kit (Agilent Technologies). The Cy5-labeled and Cy3-labeled samples were purified using Agilent-KREApure columns (Agilent Technologies). The appropriately purified and labeled samples were processed according to the manufacturer's protocol. Before hybridization to the array, the hybridization mixtures were denatured at 951C for 3 min and incubated at 371C for 30 min, and the samples were then applied to the Agilent Genome CGH Microarray 105A (Agilent Technologies). Hybridization was carried out for 40 h at 651C. After washing, the slides were scanned on an Agilent microarray scanner. The images were analyzed using Feature Extraction software, version 10.5.1.1 (Agilent Technologies) and DNA Analytics software, version 4 (Agilent Technologies) using the ADM-2 algorithm with the following settings: 2 Mb moving average; threshold, 6; filter, 3 probes; and 0.4 log2 ratio.
FISH Analysis
Sections (5 mm) of the formalin-fixed paraffinembedded tissue blocks were mounted on siliconcoated glass slides, deparaffinized, and treated with pretreatment buffer (Zytovision, Bremerhaven, Germany) at 951C for 15 min. The FISH reaction was performed as previously described. 19 FISH was performed with telomeric DNA probes for chromosome 19p (conjugated with Texas red) and chromosome 19q (conjugated with fluorescein isothiocyanate). FISH using centromeric probes for chromosome 7 (conjugated with Texas red) and chromosome 17 (conjugated with fluorescein isothiocyanate) was run in parallel. The probes were purchased from Cytocell (Cambridge, UK).
The images were acquired using a charge-coupled device camera together with the manufacturer's software program (Micrometrics 190CU; Accuscope, Commack, NY). The single-color images were merged using the Image-J program (http://rsbweb. nih.gov/ij/). Approximately 25-50 high-power fields were counted for each probe. The cutoff values for each probe were determined at mean values þ 3 s.d. of the signal percentages in the control renal tissue. Thus, gains were interpreted when the percentages of nuclei containing hyperdiploid signals exceeded 15%.
Results
The alterations in copy number and immunohistochemical findings are listed in Table 1 . Two cases (nos. 4 and 8) revealed multiple chromosomal imbalances. Three cases showed sporadic aberrations involving no more than three chromosomes (nos. 1, 2, and 7). The most common aberration was chromosome 19p amplification (five cases). Gain of chromosome 19q gain was less frequent (three cases). Four cases (nos. 3, 5, 6, and 9) showed no change in copy number. We did not observe Immunohistochemically, all cases were positive for WT1 (9/9) and CD57 (9/9); two cases were weakly positive for cytokeratin AE1/3 (2/9); and all were negative for epithelial membrane antigen (0/9), cytokeratin 7 (0/9), and a-methylacylCoA racemase (0/9). FISH analysis confirmed the gains of chromosome 19 in cases observed to have chromosome 19 amplification based on aCGH. Cases without gain of chromosome 19 based on aCGH also showed normal copy number in the FISH analysis. The signals of the centromeric probes for chromosomes 7 and 17 were within normal ranges in all cases. The results of aCGH and FISH analyses are depicted in Figure 2 .
The solid variant papillary renal cell carcinoma demonstrated gains of chromosomes 7 and 17 ( Figure 3) . The FISH analysis performed on this case also revealed trisomy of chromosomes 7 and 17. The tumor was immunoreactive for AE1/3, epithelial membrane antigen, keratin 7, and a-methylacylCoA racemase, but negative for WT1 and CD57. The genetic and immunohistochemical pattern was characteristic of papillary renal cell carcinoma.
Four patients had available follow-up records. Two of these patients showed multiple genetic imbalances (nos. 7 and 8) and were alive without disease for 8 and 2 years, respectively. The other two patients, who had normal chromosomal profiles (nos. 6 and 9), were alive without disease for 15 and 6 years, respectively.
Discussion
Previous reports concerning the cytogenetic analyses of metanephric adenomas have been conflicting. The findings in the series of Brown et al, who reported trisomies of chromosomes 7 and 17 and loss of Y chromosome in 8 of 11 cases diagnosed as metanephric adenoma, were not reproduced in later investigations. The later series all showed contrary results. 4, 8, 11, [13] [14] [15] Our aCGH analysis, as well as that reported by Szponar et al, 18 also failed to identify gains of chromosomes 7 and 17. Given that papillary renal cell carcinoma may exhibit a solid growth pattern, it is highly plausible that the presumed metanephric adenomas with trisomies of chromosomes 7 and 17 in the series of Brown et al actually represented solid variant of papillary renal cell carcinoma. 20 This speculation was further supported by the characteristic gains of chromosomes 7 and 17 in the solid variant of papillary renal cell carcinoma assayed in this study.
The genetic profile of metanephric adenoma differs significantly with that of Wilms' tumor. None of our cases exhibited deletion of chromosome 11p, in which the WT1 and WT2 genes are located. 21, 22 Other common genetic imbalances such as þ 12 and þ 1q/À16q were also not found in our cases of metanephric adenoma. [23] [24] [25] [26] We did not observe amplification of 7q corresponding to isochromosome 7q observed in adult Wilms' tumors. 27 Despite some phenotypic overlap between metanephric adenoma and predominantly epithelial Wilms' tumor (immunoreactivity for WT-1, for example), there was no evidence to indicate any association between the two neoplasms from the molecular genetic point of view.
Another previously reported aberration in metanephric adenoma is the partial deletion of chromosome 2p, as demonstrated by karyotyping, conventional CGH, and microsatellite allotyping. 16, 17 We did not observe any alteration on chromosome 2p13. Nevertheless, owing to the resolution of aCGH, we could not exclude the possibility of a small deletion that might be below the detection limit of aCGH. aCGH is also unable to detect balanced translocations, as there is no dosage change in the involved genome.
Around half of our cases revealed euploidy, and only two of nine cases revealed multiple chromosomal dosage changes. Most previous cytogenetic studies have revealed a paucity of genetic alterations. Using microsatellite analyses, Pesti et al 17 demonstrated sporadic allelic imbalances involving chromosomes 2p, 7, 8p, 12q, 16q, and 20q in 18-56% of cases. Factors including sensitivity of the methodology, quality of the DNA, efficiency of extraction, and tumor proportion may influence the detection threshold of the employed assays. These low-level genetic alterations are compatible with the benign neoplastic nature of metanephric adenoma, which is expected to be genetically slightly more variable than normal cells, yet not as unstable as malignant tumors. It would be of interest to determine whether metanephric adenomas harboring more genetic imbalances behave differently from those without observable genetic changes. We did not find any remarkable difference regarding the histological and immunohistochemical features between samples with and without genetic aberrations, as all of the patients who we recruited had typical metanephric adenomas with uniformly benign courses. Given that metanephric adenomas generally display benign biological behavior and only a limited number of cases have been studied molecularly, the significance of these positive findings are not evident at present.
We found frequent gain of chromosome 19, which has not been previously reported in metanephric adenoma, and we confirmed this finding with FISH. However, gain of chromosome 19 appears to be a aCGH in Metanephric Adenoma nonspecific finding, occasionally present in several different kinds of neoplasms. [28] [29] [30] [31] [32] The presence of gains of chromosome 19 in metanephric adenomas implies the existence of a yet unrecognized oncogene in this region that may have a role in the tumorigenesis of this neoplasm.
In conclusion, we performed aCGH on nine metanephric adenomas and identified chromosomal imbalances in five cases, among which gain of chromosome 19 was the most common abnormality. From the genetic perspective, metanephric adenoma is a distinct entity despite certain morphological and immunophenotypic similarities to those of papillary renal cell carcinoma and Wilms' tumor.
